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Double Nuclear Transfer Method and Results Thereof 

Docket No. : 1 0758 , 1 05003 REV 1 00 1 
Customer No. : 20786 

Mail Stop PETITION 
Commissioner for Patents 
P. O. Box 1450 
Alexandria, VA 22313-1450 

RENEWED PETITION UNDER 37 CFR 1.181 

Sir: 

In response to the Decision on Petition ("Decision") mailed November 15, 2006 in the 
referenced application, for which a request for reconsideration is due January 15, 2007, please 
consider the following remarks. 

The Applicant named in the above-identified patent application previously petitioned 
under 37 CFR § 1.181(a) t0 withdraw the holding of abandonment made by the Examiner in the 
mstant application. Specifically, the Applicant requested withdrawal of the holding of 
abandonment made in the Notice of Abandonment ("Notice") mailed on March 23, 2006 The 
Apphcant attaches hereto a copy of the July 28, 2006 Petition to Withdraw Holding of 
Abandonment Under 37 CFR 1.181(a). 

In the Decision, the Office of Petitions has dismissed the aforementioned petition to 
wnhdraw the holding of abandonment in light of 37 CFR 1.8(b)3, It is understood that before 
the Patent Office can withdraw the holding of abandonment, a request for reconsideration and a 
statement in compliance with 37 CFR 1.8(b)3 must be submitted. The reqmred statement 
follows; 
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Appl. No. 09/600,130 
Keith Campbell 

Renewed Petition Under 37 CFR 1.181 

STATEMENT : I hereby attest on a personal knowledge basis to the September 13, 2005 mailing 
of a response to the April 13, 2005 Office Letter in the instant application. I am the person who 
signed the Certificate of Mailing in the original response. 

Applicant respectfully requests reconsideration of the Decision. 

No fees are believed to be due in connection with this Renewed Petition under 37 CFR 
1181. However, the Commissioner is authorized to charge any underpayment of fees to Deposit 
Account No. 1 1-0980. 

Respectfully submitted, 



Stephanie D. Adams, Ph.D. 
Patent Agent 
Registration No. 47,378 



Date: November 28, 2006 

KING & SPALDING LLP 
Intellectual Property Dept. - Patents 
1 180 Peachtree Street, N.E. 
34 th Floor 

Atlanta, GA 30309-3521 
Telephone (404) 572-4600 
Facsimile (404) 572-5 134 
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RECEIVED C O P Y 

CENTRAL FAX CENTER 

NOV 2 8 2006 " patents 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appl. No. : 09/600,130 . v 

Applicant Kcilh Campbell Conization No.. 8898 

r,l y d : May 14, 2001 

1C7A.U. ; 1600/1632 
Examiner Joseph T. Wottach 

,ll,C Double Nuclear Transfer Method and Results Thereof 

Docket No. 10758. 105003 REV 1 00 1 

C ustomer No. : 20786 

Mail Stop PETITION 
Commissioner for Patents 
P. O. Box 1450 
Alexandria, VA 22313-1450 

PETITION TO WITHDRAW HOLDING OP ABANDONMENT 
Sir . UNDER37CFR1.I»1(A) 

,7 rrJT, ^r'"" named iB ' h ° ^"^^ <•««>< -PPfc-ta hereby petitions under 
l '-181(a) to.withdraw the hohiing of abandonment ^ by tn0 Exanlinw ,.„ t|)e 

app,,ca 0 „„. specify. the App , icanl ^ withdrawa , of ^ of ^ 
made m .he Notice of Abandonment ("Notice") mailed on March 23 •7006 

in the Notice, the Exan.taer staKs lhis „ ^ ^ rf 

Applet . w„ „, ltaely flle . pn)ptt ^ ^ ^ 0fflce ^ ^ ^ 

Funher, ,he Examiner „a,es te ^ has ta 

d.sagrccs w„h M hoiding on me basis tha, .hen, is no abandonment in fact . 
There „ „ abandoilmralt in facl a to ^ 

:::: i; ,he *"? om ° e ° n ■ * ^ - • 

as pan thereof m accordance with MPEP 5512. 

The Applicant attaches hereto a postcard receipt stamped by the Office of initial Paten, 
«—» COW, evidencing that the response mai,ed on September ,3. 2005 was in J 

the lower nght-hand comer of the postcard receipt. 

conv add " i °" P "~ - re " iP '- APP ' iCan ' * "» «-**«« - -to courtesy 

copy of the center of the response tha, was nled «, th„ is detaiied on «he aforeroen- 
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Paterson (5 pp.); 

(8) 

(1 pp.); 

(9) 

and 



Appl. No. 09/600,130 

Petition to Withdraw Holding of Abandonment 

tioned postcard receipt. Specifically, the Applicant is attaching to this Petition one copy of each 
of the following documents: 

( 1 ) Response and Amendment to Office Action ($> pp.); 

(2) Request for Extension of Time (1pp.); 

(3) Check No. 484685 for $225 (1 pp.); 

(4) Postcard; 

(5) Article entitled "Evidence of a Pluripotent Human Embryonic Stern Cell 
Line Derived from a Cloned Blastocyst" by Hwang et al. (6 pp.); 

(6) Article entitled "Comment on Molecular Correlates of Primate Nuclear 
Transfer Failures" by Lanza et al. (1 pp .) ; 

(7) Article entitled "Somatic Cell Nuclear Transfer (Cloning) Efficiency" by 

Article entitled "Dogs Cloned from Adult Somatic Cells" by Lee et al. 

Article entitled "Potent.al for Coning Dogs" by Wcsthusm ct al. (7 pp.); 

. (10) Certificate of Moling (I pp.) evidencing that the contents described 

therein were timely submitted on September 1 3, 2005. 

In view of the above, the Applicant requests reconsideration and withdrawal of the 

*^11T7 Bt Further ' * e Applicant rcquests considerarion - ent * of the 

timely filed Office Action response. 

No fees are believed to be due in connection with this Petition to Withdraw Holding of 
Abandon, However , should fte Ccn^iss.oner determme often** he 1S authorized to 
charge any underpayment of fees to Deposit Account No. 1 1-0980 

confer ^ ^ ** ^ ^ *" ^ be ™** * ■ 

c nference, or that there are any formah.es th at can be „ by „ 

please contact the undersigned at (404) 572-4600. 

Date: July 28, 2006 D 

Respectfully submitted, 

KING & SPALDING LLP /) / / ' 

.' 11 80 Peachtree Street, NE - '< J fj. • 1 Y 

', 34 th Floor ' " • v V 

Atlanta, GA 303090521 Rebecca J. Kaufman 

Reg. No. 44,819 
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ofl!cia ' ^ *«* 

Oatc Mailed September I } t 3jffl g 

Applicant : Keith Campbell 
* A PP* No. : 09/600, J30 
Filed: May 14, 2001 

Title: Double Nuclear Transfer Method and Results Thtrrcof 

- Paper, Submitted: «d Amendment to Non-Final Office Acrion^ 

Attornev/Acenr ** tcnsioA Fee Transmittal, Check J 

Docket No.: /^> X ? 

10758. 105003 R£Vl 001 / \\ 

[ SEP l 5 flirt % ) 

382925S_i.DOC 
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Appl. No. 

Applicant 

Filed 

TC/A.U. 

Examiner 

Title 



RECEIVED 

CENTRAL FAX CENTER 

NOV 2 8 2006 

PATENTS 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

09/600,130 

Keith Campbell Confirmation No. 8898 

May 14, 2001 
1600/1632 
Joseph T. Woitach 

Double Nuclear Transfer Method and Results Thereof 



Docket No. : 10758.105003 
Customer No. : 20786 

Commissioner for Patents September 1 3, 2005 

P.O. Box 1450 

Alexandria, VA 22313-1450 

RESPONSE AND AMENDMENT TO OFFICE ACTION 

Sin 

In response to the Office Action of Amil 1 1 ?rVK e~ v- t 
deadline is due on September 13 ^T^' 20 *' for - hlch a -P—t .he two month 
follows: ' P,eaSC ^ ab0V '-Wentified applications as 



Amendments to the Claims begin on page 2 of this paper. 
Remarks/Arguments begin on page 6 of this paper. 



i 5827333 t DOC 
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RECEIVED 

Appl. No. 09/600. 1 JO CENTRAL FAX CENTER 

Response dated September J 3 ^005 

Response to Office Action of April 1 3, 21)05 NOV 2 8 2006 

Amendment, to the Clalmt- 
This listing of claims will replace all 



transferring a donor nucleus a diploid static eel, i nto a first recipient 
removing the nucleus from the first recipient oocyte; 



pnor v er s,ons, and listings, of claims in the application: 
I xstim* nfr-| B .w 

Claims 1-41 (canceled) 
(i) 

oocyte; 

(«> 

(«0 either^, a**™, rccipien.^eoren.^a ferdllMd w ^ 

second • OTnE,he " uclousrrom ' h ' to - i P-^=i„ t „u, eprcactj ^ <| • 

Cairn 43 ( Pre vi„„ sly prKented): ^ mahod ^ 
oocyte „ a mawre „ wyu Or . ^ metaplMSC u ^ 

Clam. 44 (previa ^ ^ ^ 

ooc^eManMuci^,,,^^^^^ «™ 42, wherai the secood 

Claim 45 (previously pr^ed): . 

Wcr to a n™, aurro^ reefer,, for d CTel op maB „, „„, ^ *" 

C.a,m4 6 (pr«vi„^ VDre5cnted):T1 , 1!methodas m • 

reconstructed embryo obtained thereby is transfers .„ « . 

Claim 48 (canceled) 

~»tm 4 : an:r presented): 11,6 ^ m 



• 3827333_l.DOC 
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animal 



Appl. No. 09/600,130 

Response dated September 13, 7005 

Response to Office Action of April 13, 2005 

eel, is a'' TIT TT* PreSCnted): ^ 35 daimed m daim ^ ^ the dip, ol d 

cell is arrested at the Gl/S-phase border. 

Claims 51-55 (canceled) 

nucleu. C ' 7 ^T 0 "* ^ meth0<1 " CUimed fa *™ «. *** .he donor 

nucleus » donated by a d ipI „ id «„ by m)r ^ „ ^ ^ ^ 

Claim 57 (previous presented): ^ mahod B earned in Cain, 42. whereto tt» 
wpient oocyte is enucleated. ™ 

^^^"^'^^^"^-^^^'he^nor 
nucleus . transftrr* ^ the firet ^ 0 ^ by ^ ^ ^ ^ Qr ^ ^ 

embryo is an ungulate species embryo. 

Claim 60 (previously presented): The method as claimed in claim 59, wherein the am 
embryo » a cow or bull, pig. $heep , goat , cameIj Qf watef ^ 

Claim 6 1 (previously presented): The method as claimed in claim 42, wherein the animal 
embryo , s a mouse, rat, or other rodent embryo. 

Claims 64-65 (canceled) 

transferred rrom the first recipient oocyte to a fertilized ^ga.. 

OaimSTIprevionslypresen^T,,^^ ^.^ 
oocyte „ activated oychemica, orphysica, rnea.. "* ^ 

. co^r 69 " y ~ :AmMh ° d ° f ^-^^^ 

3827133 l.DOC 
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.\ppl.No.OO/600,uo 

Response dated September I J. 2005 

Response to Office Action of April 13, 2005 

(a) reconstitute an animal embryo as claimed in claim 42, thereby obtain,™ 
a reconstituted embryo, 5 

fetus; and 

(c) causing an animal to develop to term from the animal a fetus, thereby 
obtaining an animal. 

Claim 70 (M-*^ Tfce method as claimed ,„ Cain, 69, funhcr comprising: 

(d) breeding the animal. 

ClairnT, (previously presented): A method as claimed in claim 69, wherein the animal 
embryo » further manipulated prior to full development of the embryo. 

fetus is ST ^ PreSCmed): A 38 C,aimCd in Cl8im 69 ' *» * 

fetus ,s further manipulated prior to full development of the fetus. 

Claim 73 (piously prosent ed): The method as c.aimed in claim 69, wherein a new eel, 
Ime orcell popular is derived from the reconstituted embryo. 

line or ceH " "\ T^T- ^ " ^ * ^ ^ * ™ 

line or cell populahon is derived fiom the animal fetus. 

hne or cell population is derived fiom the animal. 

one animal ,s derived from the reconstituted embryo. 
Claims 77-82 (canceled) 

chem' ^ " *7* , *>«-"«* •»** a, Canned m Cain, 67 , wherein 
release of internal calcium stores. ine oocyte or 

°™ M G>™°^P^ed):Themem^ 
t chemical activation is by treatment with • "ereintne 

: ionophoreA2 31 87. «^ or calcium 
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Appl. No. 09/600, UO 

Response dated September 13, 2005 

Response to Office Action of April J 3, 2005 

Claim 85 (previously presented): The method as claimed in claim 67, wherein the 
chemical activation is by treatment with extracts of sperm. 

Claim 86 (previously presented): The method as claimed in claim 67, wherein the 
physical activation is by application of a DC electrical stimulus. 



the 



Claim 87 (previously presented): The method as claimed in claims 83-86 wherein ... 
chemical or physical activation further compriscs treatment with iMtOTS rf ^ 
or inhibitors of serine threonine protein kinases. 

Claim 88 (previously presented): The method as claimed in claim 42, wherein the animal 
embryo is a pig embryo. 

Claims 89 (canceled) 

Cairn 90 (pr^iou^ presented): ^ ^ „ ^ h ^ ^ ^ ^ 

embryo is a cow embryo. 

C!aim 91 (previous,,, prescnted): ^ method „ ^ ^ ^ ^ ^ ^ 

embryo is a pig embryo. 

Cta 92 fi^vious.y pr^cn^d): The m «hod as claim* ta claim 59, ^ ^ 

embryo is a sheep embryo. 

Claims 93-1 1 3 (canceled) 



» UJ7.il i 
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App!. No. 09/600, 130 

Response dated September 1 3. 2005 

Response to Office Action of April 13, 2005 

REMARKS/A RGUMENTS 

After entry of this amendment claims 42^7, 49, 50, 56-63, 66-76, 83-88 and 90-92 
remain pending ,n th* application. Applicants have canceled daims 89 and 93-U3 without 
prejudice. Applicants reserve the right to pursue such c, aims i„ a continuation or divisional 
application. 

Claims 89 and 93-113 
Ctata. 89 ^ 93-1,3 w OT objected to ^ 37 CFR „ , 
^hca* of Cann, 42^,7, 49, 50. 5*63, 0 o-68, md 90.9,. o„ fc ^ 
Oaun .he. .nvenno,, wi* any ^ they ch005c> M ., „ . ^ rf ^ a chjm 

• a substanual dupbea,*. Cairns „ _ 93 . 1I3 WCTe ^ ^ ^ ^ ^ 
lacking wnhen description for mellwds „ genera]ly ^ a ^ ^ 
spec-ficanon provide, an anp,, descr^on of malMds ,„ ^ ^ .^.^ c 

cells, such as Sta n and genn ecus, which en he d.ffen.ia.cd inlo variolB ceI1 

« hu.no, taw .o, on p, ge , 15 . 20) ^ page 3 (] . nes lMJ) ^ ^ ^ 

^ f.^r " d — — 

89 and 93-1 13 and mtend to ffle a common application to plm , ue .hese dauns. 

Clahns 42-47, 49, SO, S6-7S, and 83-113; 
Rejection under 35 U.S.C § 112, 1* r.ra Erap h 

The ExanSne, has ^ec.cd dab* 4*47. 49. 50. 56-63. 66-76, 83-1 13 under 35 US C 

1 1 iTT* " ^ enableme "' ^ » *» *"*°» tha, undne 

expenn.entat.on . required „ pracIi „ fc ^ rf ^ ^ ^ 

also rejected under 35 USC § 112. The* Oaints have heen canceied without 

■^nn!L e EXamiMr , aCiaMW ' ed8eS ** *• SPeCi ' iCa,i0n iS ■»* 
™«,n8 m _ enfcryo by (i, herring a donor nudeus iron, a dip,oid son,* ceil 
m,„ . a. recp™, oocyte; removfag ^ ^ ^ ^ ^ ^ 
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Appl. No. 09/600, 130 

Response dated September 13, 2005 

Response to Office Action of April 13, 2005 

«**, in memofc to make any anilM , Applicants note tha, .constinued mbryos „ ^ 

.each ta ^ ^ ^ ^ prahce ^ " 

embryo™ germ ceiJs, or other desired or celI ^ ^ ' 

To support fc Iack of mMcmm , ^ ^ ^ ^ or 

.nab..* to graOTte . primate cloiK fa.* raethttds of 
B-«r conchy snce „. ^ ^ ^ ^ ^ 

»-™«^ Applicants respect^y^. ta6ct> „ wangc ,; 
Seen e. 2<m Mar 12 ; 303 ( 5«4):,o« 9 - 7 4. Epub 20M pd) , 2; ^ 

^■mT ^ "* Medic, Oictionary 

Edtfon, ,995), . blastocyst refer, to ,he modified ^ mge 

produced via nuclear transfer. 

In response to the Examiner's rejection ft. th. specif ^ .^.^ 
for memo* te fc ^ ^ 

A«achment B), Lanza «, al. _ ^ wMfe „ 
*eir paper, theyhelieve that Simerly et ai ovm>M d. • . • 

^ llas . , , aln,erIye,al<,vws, "«<"l>eir conclusions. In particular, Lanza tt 
at. note that Simerly a al. transferred "nnl„ « j t 

that renroducHv. I ■ ^ 16 !urr ^« «* eluded 

tjT^T r 6 ' """"^ ^ *" -^" Ur - comment ma, 

•h! f t ° f ^ '° ~ ™ re «- •» aerate 

Ute firs, c oned ^e pUD and 5 8 « mby os to esabUsh m . firs, Wo pre^ ~ 

ZZ r ^ ""^ ^ ^ 11 - "** tToire taZ Tor 

is r^T" 5 10 a vut,c ^ — • ^ ' 



Nuclear Transfer Oc^g Efflcj 

■..^.^liaar,,^,,,,..-^....,^^. 1M y ,, . .* 

3g2?m ,iw^ W- This table omviH^ ^<.»^ — 
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Appl. No. 09/600,130 

Response dated September 13, 2005 

Response to Office Action of April 13, 2005 

Coning efficiency of somatic cell nuclear transfer in seven different animals using multiple ceil 
type* and revea.s that cloning efficiencies can be as low as 0.P /o , which represents , fiw ^ 
per 1 0 0 embryos transferred to surrogate mothers. Interestingly, just last month, on August 3, 
2005, the buth of the first cloned dogs was announced. Lee et al. (Nature. 20O5 Aug 4- 
436(7050:641; Attachment D) reported the Coning of two Afghan hounds by nuclear transfer 
from adult skin cell, Prior to Lee et a,. success, failed attempts at cloning dogs were reported 
Westhusm et al. 2001 , Reprod Fertil Supp! 57: 287-293; Attachment £) ^ many 
doubted whether it could be achieved. However, Lee et al. were successful in producing two 
c oned dogs by transferring 1 095 embryos into surrogate mothers. Furthermore, to date, at least 
15 different animals have been cloned via nuclear transfer (see Table 1 below) 
Table 1: 



Animal Cloned 



Mice 



Sheep 



Cat 



Rabbit 



Horse 



Rat 



Mouflon 



Deer 



Mule 



Buffalo 



Zebrafish 
■Dog 



Reference 



Wakayama et al. (1998). Nature, 394, 369-374? 



Schnieke et al. (1997), Science, 278, 2130-2133T 




Keefer et al. (2000). Biology of Reproduction, 62. 218, 
Suppl 1. 

Shin et al. (2002). Nature 415, 859" 



unesne et al.(2002). Nature Biotechnology 20, 366-' 
369. 



Ualli et al. (2003) Nature 424: 635" 



Zhou et a l. (2UU3) Science 302: 1 179 

Lol et al, (2001)Nat Biotechnol. (I0):962-4~ 



Press release 



Woods et al. (2003) Science 301: 1063 



Press release 



Lee et al. (2003) Nature Biotech 20: 795 



Lee et al- (2005) Nature436(7051):64l 



,. S i nrw- 
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Appl. No. 09/600,130 

Response dated September 1 3, 2005 

Response to Office Action of April 13, 2005 



Thus, Appiicants bcKeve that i, wouUi M ^ undue , 0 
clauned invemion. On. stilted i„ the «, ^ lte „„ c|oning tf ^ fc 

* »>o account by Wishing an apptopria. 
de*g* Despite the fie, fe, » ^ require hundreds rf ^ ^ ^ 

be accompBshed by those tfM in the an in severc! weeks, and the^ibn, doe no . 
require "undue" experimentation. 

It is respectfully believed that this application is in condition for allowance, if the 
Exammer beheves, for any reason, that personal communication will expedite prosecution of this 
application, the Examiner is invited to telephone the undersigned at the number provided. 

The Commoner is authorized to charge any fees due in connection with this response 
to Deposit Account No. 1 1-0980. 



Respectfully submitted, 
KING & SPALDING LLP 

uftK <y«c **tm* % 

B y 9Uj M 
Sherry M. %iowles, Esq. 
Reg. No. 33,052 
Tel.: (404)572-4600 

191 Peachtree Street, 45* Floor 
Atlanta, Georgia 30303-1 763 
Facsimile: 404-572-5145 
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Appl. No. 

Applicant 

Filed 

TC/A.U 

Examiner 

Title 



PATENTS 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

09/600,130 n . . 

Keith Campbell Confirmation No. 8898 

May 14, 2001 
1600/1632 
Joseph T. Woitach 

Double Nuclear Transfer Method and Results Thereof 

Docket No. : 1 0758. 1 05003 REV 1 00 1 

Customer No. : 20786 

Mail Stop Amendment 
Commissioner for Patents 
P. O. Box 1450 
Alexandria, VA 22313-1450 

Sin REQUEST FOR EXTENSION OF TIME 

The above-identified Applicant respectfully requests a two-month extension of 
tune within which to fUe a response to the non-fina, Office Action dated April ,3, 2005, to 
expire September 1 3, 2005. 

Check No. 481328 in the amount of S225.00 is enclosed to cover the one-month 
extent of tnne fee. Tne Commissioner U hereby authored to charge any underpayment of 
fees and to cred,t any overpayment to Deposit Account No. 1 1-0980. 
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olOKical grouping of the yenorypcs thro„ g h- 
. . out the epidemic (Fig. 2) (table S2). 

In (racing ihc molecular cvoJutioo or 
$ARS~<\>v in China, we observed that the 
epidemic started and ended wiih deletion 
. events, together with a progressive slowing 
Of the nonsynonymous mutatiun rates and a 
common genotype Unit predominated during 
the latter pan of the epidemic. The mecha- 
nistic explanation for the selective adaptation 
and purification processes that led to such 
genomic uvohitionary chimges in SARS-CoV 
requires further work (20). Nonetheless this 
study has provided vaitiable clues to aid fur- 
ther investigation of this remarkable evo!i> 
nonary tale. 

We have sequenced the complete S gene 
(GenBank accession number AV525636) 
, oropharyngeal swab sample (sanv 

Phng date, 22 December 2003) collected 
from the most recent index patient of the city 
of Gu^gzhou (onset date, 16 December 
hospitalized 20 December 2003- 
• *^-wpro.who.int/sars/docs/pres$rcIeaseK/ 
pr.27l22003.asp). Phylogenctic analysis of 
<m* S gene sequence with those from the 
human SARS-CoV and palm civet SARS- 
like cofonavirus indicated that this most re- 
cent case of SARS-CoV is much closer to the 
palm civet SAHS-lilce coromvims than to 
any human SARS-CoV detected in the pre- 
vious epidemic (fig. S7 and table S4) Be- 
muse it is evidently different from the recent 
laboratory infections in Singapore (www 
^o.mt/csT/dony2003_00.24/en) and Taiwan 
(www.who.int/mediacenrre/rclcascs/2003/ 
np267en), it strengthens the argument for 
animaj origin of the human SARS epidemic 
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Embryonic Stem Cell Line 
Derived from a Cloned Blastocyst 
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The isolation of pluripotent human embry- 
on,c stem (ES) ceU s (7) and breakthroughs 
«) sotriAtic cell nuclear transfer (SCNT) in 
inanunak (2> have raised the possibility of 
pcrfonnmg human SCN7' to generate po- 
lentially unlimited sources of undifferend- 



ated cells for use in r»earch. with potential 
applications in tissue repair and transplan- 
tation medicine. This concept, known as 
therapeutic cloning," refers to die transfer 
of the nucleus of a somatic cell into an 
enucleated donor oocyte (3). I n theory, the 
oocyte's cytoplasm would reprogram the 
transferred nucleus by silencing all the so- 
matic eeil genes and activating the embrv- 
onw ones. ES cells would be isolated from 
the inner cell mass (ICM) of the cloned 
preimplantaoon embryo. When applied in a 
therapeutic setting, ihese cells would carry 
the rtuclear genome of the patient; there- 
fore, it ,s proposed that after directed cell 
differenhatton, the cells could be trans- 
planted without immune rejection to treat 
degenerative disorders such as diabetes 
osteoarthritis, and Parkinson's disease' 
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(among others). Previous reports have de- 
. scribed the generation of bovine ES-like 
cells (</) and mouse £S cells from the ICMs 
of clpncd blastocysts (5^7) and the devel- 
opment of cloned human embryos to the 8- 
to lO-ccH stag e (S, 9). Hen: we describe 
evidence of Inc derivation of human ES 
cells .ifter SCNT (JO). 

Fresh oocytes and cumulus cells were do- 
narcd by healthy women for the express pur- 
pose of SCNT stem cell derivation for ther- 
apeutic cloning research and its applications. 
Before beginning any experiments, we ob- 
tamcd iipproval for this study from the Insti- 
tutional Review Board on Human Subjects 
Research and Ethics Committees (Harryan K 
University Hospital, Seoul, Korea). Donor* 
were fully aware of the scope of our study 
and signed an informed consent form (a sunv 
mary of the informed consent form is avail- 
able m the supporting online text); donor? 
voluntarily donated oocytes and cumulus 
cells (including DNA) for therapeutic clomn* 
research and its *pplicatkms only, not for 
reproductive cloning; and there was no finan- 
cial payment A total of 242 oocytes were 
obtained from 16 volunteers (there were one 
or two donors for each trial) after ovarian 
stimulation: 176 metaphase II (MM) oocytes 
were used directly for SCNT, whereas the 
remaining 66 oocytes were allowed to mature 
to the Mil stage before use in SCNT. Autol- 
ogous SCNT was performed; that is. the do- 



nor 5 own cumulus cell, isolated from the 
cumulus-oocyte complex (COC), was trans, 
ferred back into the donor's own enucleated 
oocyte. Before enucleation, ihe oocytes were 
matured in vitro m Gl.2 medium (Vitro Life 
Ooteborg, Sweden) for ! to 2 hours Enucle- 
ation. SCNT, and electrical fusion were per^ 
formed as described {JJ\ To directly confirm 
that the oocyte's DNA was removed during 
enucleation, we imaged the extruded DNA 
Mil spindle complex from every oocyte with 
Mocchst 33342 fluorescent DNA dye {fie I 
A and B; arrows). * p 

Without any report of an eJTicient protocol 
for human SCNT, several critical steps had to 
be optimized (2\ including rcprogramrmng 
time, activation method, and in vino culture 
condinons. Rcprogramming time, or the lapse 
of time between cell fusion and egg activa- 
tion, returns the gene expression of the so- 
matic cell to that needed for appropriate 
embryonic development. Initially, we inves- 
tigated the effect of simultaneous fusion and 
activation, as used for porcine SCNT (72, 
U\ but observed low fosion and cleavage 
with no blastocyst development In- 
stead, we adapted the bovine SCNT proce- 
dure of waiting a few hours between fusion 
and activation. By allowing 2 hours for re- 
programming, we were able to develop 
fw, embryos to the blastocyst stage. 
Because spenn^ncdiated activation is absent 
m SCNT, an artificial stimulus is needed to 




(Of •» SCNT-hES-1 are sh0w , ^ ^^^^^jg^ 



initiate development. Various chemical, physi- 
cal, and mechanical agents induce panhenoge- 
neoc development m mice (14), but human data 
arc limited. Oocyte activation using the calcium 
lonophorc A23IS7 (caJcirnycin) or ionomycin 
and the protein synthesis inhibitor punmrycin 
induces parthenogenetic development of human 
oocytes at different efficiencies (IS). We found 
that incubation in 10 uM A23187 for 5 rain, 
followed by incubation with 2.0 mM o^^Iiroeth- 
ybrnmopurine (DMAP) for 4 hours, gave effi- 
cient chemical actrvation for human SCNT eggs. 
Other investigators have reported encouraging 
results in overcoming inefficiencies m embryo 
culture by supplementing the culture with differ- 
ent energy substrates (J 6). Furthermore, the re- 
cent ocvelopment of serum-ftee sequential me- 
dia has ted to considerable irnprovement in the 
rate of clinical pregnancies produced by in vitro 
fertilization (IVf) (77), h, this study, human 
modified Synthetic oviducta) fluid wnh amino 
acids OmtfOFaa) was prepared by stnjpJemenr- 
mg mSOFaa (IS) with human serum albumin 
(10 mMnJ) and fructose (U roM) instead of 
bovine jerum alhnnin (8 mgrtn!) and glucose 
1 1 3 mMX The replacement of glucose with fruc- 
tose improves the developmental cornpetence of 
bovine SCNT embryos (7/, 19). Culture of hu- 
man ^ SC^derived embryos in Gl.2 medium 
for the first 48 hours followed by hmSOFaa 
medium produced more blastocysts, as com- 
pared to cultutc in Gl.2 tnedium for the first 48 
hours followed by culture in Gl.2 medium or m 
continuous hmSOFaa medium (Table 1). Cibelli 
aL (9) reported that the treatment of human 
oocytes ; with 5 calcium ionomycin followed 
by 2 mM DMAP m Gl,2 culture medium nV 
fiercd pronucleus fonnation, embryonk cleav- 
age, and the formation of a Wastocoelic cavity in 
human parthenotes. However, *ey did not or> 
tam human SCNT blastocysts when their proto- 
col was appfod to SCNT embryos, Liniftations 
in oocyte sin^ ptecliio^ 
all the parameters for human SCNT; nonethe- 
less, the protocol described here produced 
cloned blastocysts at rates of 19 to 29% (as a 
per^tageofoocyttei 

to tW produced by established SChTT method 

A total of 30SCNTKfcrived blaster were 
cultured, 20 ICMs were isolated by fannumosur- 
pcal removal of toe trophoblast, and oneEScen 

SCNT^ES-l cells had a high nucleus-to^yto- 
plasm ratio and prominent nucleoli. The cell 
colonies displayed similar morphology to that 
reported previously tor hfiS cells derived after 
rVF(Fig, I P C to £). When cultured rn defined 
medium corritioned for neural cell difTerenria- 
.SCNT-hES-I ceUs (hfTercnrjated into 
nestirHxwinve cells, an indication of primitive 

SC>rr-hES-| ecu Iroc was mecoanicaJJ 
ngalby dissociation every 5 to 7 days aru, 
MJccessfUIly maintained its undifferentiated mor. 



' ' «~*™iuiiy maintained its undifferentiated mor~ 
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phology after continuous prolilwarion for >70 
; passages, while still mainlining a normal fe- 
mate (XX) karyotype (Fig. IG) (2/). Further- 
mom, the SCMT-h£S-I cells expressed US cell 
marker* such as afealinc phosphatase, SSEA-3 
SSF.A-1, TRA-mjo, TRA-l-HI. and Oct-4, bui 
not SSK A- 1 (F g. 2). As previously described in 
, monkey (22) and human ES cells < /, 2$, 24) and 
n moose SCNT-ES cells (o^ SCNT-hES-l cells 
did nor respond to exogenous Jeukacmia infaibt- 
«ory factor, suggesting that a pluripotent state is 
rnaintained by a gpltt-indejxndcnt pathway. 
I he pJunpotCBcy of SCNT-hES-l cells was m- 
; vcsngaiaJ in vitro (fig. si) and m vivo (Fig, 3) 
Clumps of the cells were cultured in vitro in 
suspension to form cmbryoid bodies. The result- 
ing embryoid bodies were stained with ton* 
dermal markers and were found to differentiate 
into a variety ofcelj types, including derivatives 
orerrfodcrrn, mesoderm, and ectoderoi (fig. SI). 
When urKiirrerennated SCNT-hES-l cells were 
•njectcd into the testes of severe combined im- 
mimodcficicnt (SC1D) mice, teratomas weie ob~ 
,tained6to 7wi^an^injectiofl. TV resulting 
teratomas contained tissue representative of all 
three germ layers. Differentiated tissues seen in 
Fig. 3 include neuroepithelial rosset, pigmented 
J ^retinal epithelium, smooth muscle, bone car- 
riage, connective tissues, and glandular ep- 
} nthebum. The DNa fingerprinting analysis 
with human short tandem repeat (STR) 
markers indicates that the cell line originat- 
ed from the cloned blastocysts reconstructed 
from the donor cells, not from parthenoge. 
nene activation (Fig. 4, A to C). The static 
Deal probability that the ceils may have 
derived from an unrelated donor is 8.* x 
v". * Reverrse transcription polymerase 
dia.n reaction (RT-PCR) amplification for 
paternally expressed (hSNRPH and AJUif) 
and maternally expressed (UBE3A and fflff) 
Scnes further confirmed that the cell line 
originated from the donor cells (Fig 4D) 

Simerly er aL (26) recently reported 
defective mitotic spindles after SCNT in 
aonhuman primate embryos, perhaps re- 
sulting from the depletion of microtubule 
mjJtor and centrosome proteins lost to the 
meioac spindle after enucleation. In this 
study. Fig. iG demonsttates that SCNT- 
hES-1 cells have the normal Icaryotype, We 
sp^ctdste that SCNT blastocyst from 
which ES eel] lines were not derived might 
have been aneupfojd. However, it is impor- 
*nt to -note that our investigations differ from 
thoa of Sunerly et al, in a few ways: Media 
and protocols for in vitro development were 
opomizcd for human oocytes and embryos, 
, whereas the protocols for nonhuman primate 
'stupes are extrapolated from clinical proce- 
, cures; the enucleation merhod here differs be- 
^ ^ *W the MIJ oocyte so that die 
^na spindle complex is exmided through a 
■ small hole in the zona pelJucida, instead of 
, as P™ng the DNA spindle complex with a 



u^!?*** ™ 0lhm havc Jescrihed (27) and 

'r* durance of the first polar body, so 
that u may even be m the pmmetqphase II stage 
in this report, we provide three lines of 
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evidence supporting the nuclear transfer orv 
gms of the SCNT-hES-l cell line: fi) DMA 
extraction was verified for each of the 242 
eniicleaied oocytes (Fig. 1, A and B; arrows); 
(h) DNA fingerprinting showed hetenxty- 
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. y sous, not homozygous, chromosomes (Fig 4 
- A to Q; and < ,ii> RTPCR showed ^parental* 
and noi un. maternal, expression of imprinted 
genes (K, g . 40). Although the Cyno-| parthe- 
nogciwiic cells retained iheir saictly maternal 
ompnnts, that evidence came from a single 
monkey coU line. Given the aberrant expres- 
sion or imprinted genes after murine SCNT 
V#U perhaps the SCNT-hES-l cells' bipa- 
rcntaJ expression of imprinted genes might 
have been influenced by SCNT or subsequent 
culture. Heterologous along with autologous 
SCNT will provide more definitive molecular 
evidence. Although overwhelming ethical 
constraints preclude any reproductive cloning 
attempt*, complementary investigations in 
nonhuman primates might provide additional 
and confirmatory mformation. Consequently 
although we cannot exclude the possibility of 
a parthenogenetic origin, the studies reported 
nere support the conclusion that the SCNT- 
nES-I cell line originated from the donor's 
diploid somatic cumulus cell after SCNT 

In order to successfully derive immuno- 
compatible human ES cells from a living 
donor, a reliable «nd efficient method for 
producing cloned embryos and ES isolation 
must be developed. Thomson e, (I) 
**ub»„orYer at. (23), and Lanzendorf */ ai 
, (29) produced human ES cell lines at high 
' "Pciency, Briefly, five ES cell lines were 
■ derived from a total of 14 ICNfe* two ES 
, cell lines were derived from four tCMs, and 

E£Tc ES cdI ,inw were dcrivcd fron " ■* 

i^MS respectrvery. Id our study, one SCNT- 
«S5 cdlhoe was derived from 20 ICMfl. It 

Table v Conditions for human Sew. 



»«•* Mb or id subtle v-ZTKiT I* " ™ *• •>""" «*- 



Ffc 3. Teratomas formed 
by human SCNT ES ceOs 
in the testes of SOD mice 
at 12 weeks after injec- 
ttoru Neuroepithelial ros- 
set (AX pigmented retinal 
epithdhjm (B), ostoid is- 
land showing bony differ- 
entiation (Q cartilage 
(DX and glandular eprthe- 
bum wfth smooth musde 
and connective tissues 
(t). Ma^iification in (A) 
to (DX X20ft frt (E), 
* 100. Scale bar, lOO^m 
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systems arc needed before contemplating the 
um <>l (his technique for cell therapy |„ 
aiUlitiun. the mechanisms governing the dif- 
lercntution of human tissues must be eluci- 
dated in order to prrxJuce tissue^pecific cell 
populations from undifferentiated ES cells 
Th* study shows the feasibility of generating 
human h& cells from a somatic cell isolated 
from a living person. 
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Force-Clamp Spectroscopy 
Monitors the Folding Trajectory 
of a Single Protein 

Julio M. Fwnandcz* and HongWr, U 

traJecton« were cc„r u o^t,Zd ^^1°^^ ^ 
t^cen to fold wa, depend on the ^^'^ ^ ^ 

the stretching force applied during MrfZ ruTf^ 0,6 urrfol<,ed P™»«n and 

vani^ upon the Fin* fo^^^^;'"'^^ 

physical bads «d!£3?££? Pnw,dB a ^cWto determine th. 



f-Uur*: v k. Choi (Korea Resegn* i nsrtut , of ail ^ 
ter ™«»n: Tak <o (Michigan 5cic u™vef„tyj ,„ 

EASE'S? 9 °- 

and 0 Wolf (Oregon Na- 
the /Wnwcrtpt j. g. CibeUI mad. inteU^tiiai coirM- 

™T™ ,he manui<ript a ~< *• ™Ha£H, 

^^2^^ « ran, » from >««nc«l Back- 
^"P^t (grant iMTZOOp- 

Supporting OnOn, Matarial 

natariatl and Methods 
SOMTen 

Indud. Ad fcilormittai when cfrJng this paper. 



rmiains a ctolleiigc ,„ biology (Mr,. H 

, ^ *aiionsirate» mwn od by which the e „ti« 
folding irajectory ^ a singJc ^ 

recorded as a function of time. W c used 
smgle-moleculc atomic force micoxopy 

13) to apply a constant force to a single 
POlyprotein composed of nine repeats of the 
small protein ubiquiiu, (jj-j 6 ). TWs resulted 
m the probabiUstie unfolding of ubiquitin. 
wtach was observed as stepwise elongations 
of the protein in which each step correspond- 



74 



™J?. the /1 u ? fo '« n « «f an individual protein 
((* We applied this technique " 
mowtor the end-to-end length of a single 

^olding-foMjng cycles. Our experimental 
'Approach is illnsiraled in Fig. 1. FjZ. 1A 
*ow s the changes in the length of T7m B ie 

stretebmg force displayed in Fig. , B as 

120 pN tnggers a scries of unfolding events 
lh« appear as a staircase of 20-nrn «e? 
^k.ng the unfolding of the individ™ S 

force was relaxed to 15 pN (Fig. IB) 

ZLZ observed the ^ 

contact «, sta&KS ujiq] it reacqcd jB f ^ 
I-Iih (F,g. 1A>. Toconflrm that rhe^lyp^ 



1? MASru inn 



win had folded, we raised the stretching force 
backto,20pN* l4s(Fig. IB).* £52 
the ubiqwtm chain extend in steps of 20 run 
te<* to its tuHy unfolded length (Fig. I A) 
nence, the spontaneous contraction of the 
protein ^ observe upon reducing ^ ^ 

t ^ ra J> N *>wn to 15 pN corresponds to 

sxfsgsr of thc mechanicai,y 

We observed and analysed 8 [ foldin* 
event, snnifar to those shown in Fjg. ,. Tw? 

"nfolded rwryutaquini. molecules are shown 
in Fig. 2. Most of (he folding mjectories arc 
q^htanvery similar, following a continuous 
con vex nine course marked by abrupt chang- 
^slope. However, we have never ot 
served Menhcal sets of trajectories, mdieating 
Ac ex.«ence of muJtIple fo|di ™* 

fo^ns trajectorie,. we divided their tine 
"^y- ft-ur distinct stage, 
marked byjbrupt changes in thc slope of the 
Elapse (F.g. 2). As an example, we ana|y» 
(he recording shown in Fig. 2A. The first 
«Jfc» 0 in Fig. 2A end insel) „ fj%j£l 

^ tftSf?" is f WCT than the ^ 

taices (be force to reach its set point (-3 ms j n 
his expcruncrit) The collapse rate for this 

l^Jjl', 2,35 ^ is wilhiD the "»S» 
but clearly slower than the maximum rate of 

change, or slew rate ( fr ). of the feedback 
awng this experiment (measured at sr = 
8300 nm/s, after the molecule detached 
from the cantilever). This stage is likely to 
correspond to the elastic recoil of the unfold- 
ed polypeptide chain adjgsring its length to 
tne step change in the pulling force. This 
stage is always fast and is clearly marked in 
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hchnical Comment 



Comment on "Molecular 
Correlates of Primate Nuclear 
Transfer Failures" 



We believe that Simerly et a l. (/) have 
reported important new data but have over- 
stated their conclusions. Their preliminary 
observations highlight the importance of cee 
^.ty^ccntrosome «d spindle compS 
tence, specifically^in nuclear transfer (NT) 
procedures. However, the <laia are scant ^ 
their interpretation is compromised by the 
nuUnphsuy of methods used In ou/ own 
■swpenence, multiple &ctors including donor 

^ i^ V .em edl eyefe ^ and oocyte age 
C ™ >" au ™* *c integrity of «h e ^jj^ 
complex. Stmcrty,, „/. bumped thei™cl a m, 

stLTT^"*!? , UniqUC ,n * e 5 P«'ft= ab- 
sence of NuMA (nucIcar-m.W appwma 

SLr js* bascd ° n,y ° n 

orweence. However, one cannot conclude 
from these dra that the oocyte was depleted 
Z*T d P-^->y *« they wZ £ 
detected where expected using the tech- 

SKST^, 11 " OCCu ™»~ ^ Abnor- 
mal spindles has long plagued NT in most 



.*~ C5 \ and f r COtt1 P»"f>le imrounocytc- 
,hcm.ca| s n,d.e S h avc been reported it 
support the conclusion thal faile<J < 

lack those markers as well. More com- 
prehensive investigations of NT-induced 
centrosome-sptwite perturbations will re- 

2 * ln,pac ' of manipulations 

onjhe efficiency of NT on a spoe,es-b£ 
species basis. 7 

e m h^ erIy °»ly 33 rhesus 

embryos mto 16 surrogs^ aBd COncIcldcd 

£ Zi^ J C,0n " ,K in «y 
fVZt * i" * re,a,ed article 

ahnost as if someone "drew a sharp line 

people-aod other animals, saying. 'I'll Icl 
and" Z^*"' t"' ™n rabb to 

so ^t ' ^ m ° nkey$ aB < hu ™«" squire 
«**£.»* more.' - m our own hands, Z 
took doze* of embryos to generate Dolly 



-i). more than 150 embryos to generate the 
lirst cloned men™ pup sgfi „„. 

os to WDbhsh the first two pregnancies in 
PISS (■»). Hundreds of other studies have 
ended with no pregnancies at all. We sug- 
gest chat given the potential importance of 
nuclear transfer techniques in httma, cell 
therapies conclusions regarding the effi- 
ciency of human KfT extrapolated from an- 
imal data should be tempered with abun- 
dant caution. 

Robert Lanza 
Young Chung 
Michael D. West 

Advanced Cell Technology 
One Innovation Drive 
Worcester, MA 01605. USA 
E-mail: Hanza@adwmeedcelUtmi 
Keith H. S. Campbell 
Divition of Biological Sciences 
University of Nottingham 
Loughborough, UK 

Rsfmnca* 

1. C. Shwrty rt at, Selena 300, 297 (2003L 
J- <^ V&f* Science 300, 2K(200j) ^ 

*■ Y - Chung, unpubUihcd data. 

5- I. A. Potejaeva et if. mnjn 407 tsf, [zqqo) 

1? *P^' MO* MSopted 3T July 2003 
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Somali 



<« Nuclear Transfer (Cloning) i 



vicncy 



clomngcfficency for each major ^ oft^ces* * here * e ^pnate data was made available; the E^KSS 
% Embryos formed from NT Oocvte«- °/ «r ~ i J , 




No. of NT oocytes except « „ 0 . of surviving 



oocytes, »• no. oocytes cultured 
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BRIEF COMMUNICATIONS 



Dogs cloned from adult somatic cells ~ 

Never,! mammals - including sheep, miC e. ' 
cows goats, pigs, rabbits, cats', a mule 4 a 
horse *nd * litter of three rats" - have been 
don«< by ^fcr of a nudeus fron, a 
«-lU mio an egg cell (oocyte) that has had its 
nud^ removed. This technology has not so 

ficulty of maturing canine oocytes m vitro 

hZlTu^^ *" donin « °f ^o Afghan 
hounds by nude* transfer fron, ,duh dun 
tells into oocytes that had matured in vivo 
Together with detail sequence information 
generated by the canine-^noineprojec^he 
abday to done dogs by somaa^eUnuckar 
.ranker should help to determine genetic^ 
environmental contributions to the diverse 

biological and behavioural traits assorted 

Wiethe many different canine breed*'*. r^ 1, ^*^^«>^^i*ieta H rt»»-fa r L . ' " 

available), this technology could become a 
useful research tool for studying the genetics 
of outeressed populations. ^ 
Byeong Chun Mln ICyu Kim', Goo Jang- 
le *0«'.fibrian to ^^ 
ftl Hosseln Shamu,,-, Jung J„ Kim*, 

Qush^g the oviducts. (For detail, of method? ™ (filU twm > ^ » y^ow ^11"^, . , 

see supplementary information.) [WrT ^ r ?^ mother (Rg ib)=hjsbhnh BiM*rh^f^ Thenogeno/ogy and 

bfasts were obtauiednW^r^S^P Welght * M 530 8- The second SCNT 2? *<*«*notogy. Cellegeof Veterinary Medicine. 




VA tfie ^ nm3jll s unfertilized 

oocyte*. Unlike other mammal*. dog7ov£e 
at first meiotic prophase, and their oocytes 
mature for 2 to 3 day, i„ theovidurfTduS 
SET r^ 0 ^' in,ra - «d interspecific 
can ne embryos have been constructed b^ 

canmeSC^TitUocanineandbovtie^Stel 
nJ^\ COl, ^ t ^ OOCyt « mahu ' ed vivo at 



^tion). Thi, 
rattsferofearry-stageembryosisacrucialn*:- 

S^XT^f*** ^"Cttve tech- 
nology for dogs. One fetus miscarried and two 
«hers were carried to term. 

Wenamed the first doned dog Snuppy (for 
Seed INaUonalU^ersityp^p^^^ 

dL2f« finale Afghan fibroblast 

donor Snuppy was delivered by Caesarian sec- 



of . male Afghan hound and cultured lor two 

transferred to a new culture dish). ^SCNT 
JJechromosomes of the unfertilized ca^ne 
°°7 teswe i re rented by inicmmimpubtion. 

«dh enucleated oocyte. The couplets were 
fused and only successiuUy fused" co «p?^ 
^'T^ The ^vated oocwes 
-to the ovidu2^ 
Scorns of recipient dogsat times appro- 

e^2? a " aV4r ^ e ^ 12 oocytes from 

cfiS^S* 0 * 1 * tDt * ,0f ^^tructed 
canineembryos were transferred wto m 
recipients, J 

Three pregnanries were confirmed by ultra- 
sound scan, at2 2 days-gesutfon u, 
-fter ff ansfer of construct,. Pregnant wL 
"tabushed oniy nfter erob ryo o7v^ 
tariy-stage nuclear-oansfer construct " ^ 



r-c^ _ , M w uayrs, Weighing 

S^f" ^"P'rienced neonatal respira- 
tory distress during the first week, Henwd 
to recover, but died on day 22 a. a resuTof 
asp,ratton pneumonia; no major anatomical 
«omaUe, wereeviden, postmortem 

We tested whether the doned does were 
genetically identical by microsatellite LlZl 

ofgenormcD^ from me donor A^^e 
doned dogs and the surrogate, (see supple! 
mentary mformation). Analysis of £,*ht 
SSfSTf ea ^^ s ^loci conned 

d0 "^^ ; However, me efficiency of 
In^ion to m^be^fits that doning tech 



w ,„.„ Mi y t Gwanak-gu, 

Seoul 1SV742 f South Korea 
e-irrail: ^rwangws<s>snu^c.kr 
tPifeburjh D^Jopment Canter, Magee- 
Wornens Research Institute, Departments of 

3nd Cell SicJog^Physiologv, diversity 0 f 
P'ttsburgh School of Medicine, Pittsburgh 
Pennsylvania 75213, USA 

4. Z^aef d CSde„«}0(2. 117 9 (200 3 y 

Supptemerttary infonnatiw, .iccompan,* thps 
conr-un^attcn on Wa (Uf ,- s wph ^, lfl 



r 1 ** 1 "^ onf X ^ter embryo transfer of v*rv ^71 — w,un to ™ benefits that donin* tech- ^PPtemerttary infonnah« 
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Potential for cloning dogs 

M. E. Westhusm 1 , R. C Burghardt 2 , I N. Ruglia 1 , 
L A. Willingham 1 , L. Liu 1 , T. Shin 1 , L. M, Howe 3 
and D. C Kraemer 1 

Departments cf^ettrinary Physiology and Fhttrmfizology, 3 Veterinary Anatomy and PuWc 
Health and i Srrt4fl Animal Mrdfcoic and Surgtry, College of Vettrirwry Medicine, Rxas A&M 
University, College Station, 7X 77B4S, USA 

The aim of this study w*s to determine whether nuclear transplantation could b« used 
to done a dog using donor nucleus cells collected from an adult female- Fibroblasts 
obtained from skin biopsies were nised with enucleated bovine or cmzune oocytes. The 
resulting don*d embryos cultured m aim? to monitor embryonic development A 
proportinn of the resulting embryos wts transferred ilrto surrogate bitches for 
development to tean. When canine oocytes were used as reoplent ova far canine 
fibroblasts, 23% of tha insulting embryo* cleaned *t least once eftcx cuituxe in vhrQ. Five 
cloned embryos were transferred into three synchronised recipient bitches, but no 
pregnancies resulted. When bovine oocytes were used as recipients for canine 
fibtoblAsk, 36% deft ved to the two- to four-cell stage and 4?% cleaved to the eight* to 16- 
ceU stage. Forty-sev^n of these embryos were transferred into four recipient females, 
resulting in a single conceptus that ceased development at about day 20 of gestation. 
The desire for cloned dogs is considerable and will undoubtedly incite die development 
of successful method* for cloning companion animals. However, significant Investment 
into addition*! research Is required, especially in the are** of m vitrv maturation oi 
oocytes and control of the oestrou* cycle of bitches. 



' Introduction 

Cloned sheep, cattle and mice have been produced by nuclear transplantation using somatie eeDa 
obtained from adult animals (Wflmut a a/„ 1907; Koto el at, 1998: Wakayami tt ah, 1998; Fenard et 
■ *L. J999; Vfelto et el. 1999; Wakayama and >*rugimjcht 1999; HiU ei *L, 2000). There is no evidence 
to suggest that cloning will be limited to only a few species and, in fact most of the evidence 
collected indicates that cloning will be applicable to a wide variety oi different animals. Coning 
dogs and other pets has recently gained considerable public interest litis wis highlighted in 1998 by 
the public announcement of the Mis$ypfccrry Project, a mviltzmilllon dollar research effort being 
carried out in our laboratory, which is targeted at developing technology for cloning dogs. A single 
private investor who wishes to remain anonymous is funding the Kfiasypllcrty Project but the desire 
to clone dogs Is shared by a large number of individuals. The reasons for wanting to clone dogs 
range from the desire to replicate the genotypes of superior service dogs to applications in 
endangered species. However, the greatest Interest comes from individuals wanting to replicate the 
genotype of their own pet Dogs represent a significant challenge compared with other species that 
have been cloned, simply because many oi the basic mechanisms controlling reproduction are not 
yel well understood, Efficient and repeatablc techniques for assisted teproducnon in dogs including 
superovulation, syncrtreniiation of oestrus, embryo collection, embryo transfer and in Wrm 
production of embxyoa, arc not yet comrrvanpLace. Tha aim of this study wss to determine whether 
techniques similar to those used for cloning livestock could be used to produce genetically identical 
dogs. 

9 2001 Joumatf of H*prtth*X*3n i*d Tatihty L td 
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M.£W«ttotftoetal 
Materials and Methods 

CflW d ri u$e of animals 

Beagles and mixed breed female dogs aged 1-6 years with variable reproductive histories woe 
used for this study. The dogs were cared for in facilities and using procedures that exceed the 
standards established by the Amerk&n Association for Accreditation of Laboratory Animal Care. 
The dogs were purchased from Class A dealers and were kept in quarantine for 2 weeks before 
integration into the colony. The dogs were fed commercially prepared balanced diets and 
maintained individually in temperature controlled, environmentally enriched kennels with visual 
contact with other dogs. The dogs were exercised, mostly in groups, for a minimum of 1 h per day. 
Individual positive reinforcement training and housebreajjung were provided. At She conclusion of 
their roll in the project, the dogs were spayed or neutered before adoption into artfully selected, 
pnv4te, dog-loving homes. 



Acquisition of un/tHfflxerf oocytes far nuclear tmrxplaniutort 

Ovulation lime in female dogs w« estimated xismg D combination of visual observation for pro- 
oestms, vaginal cytology to detect cytologic*! oestrus (McDonald I960), serum LH assays to detect 
che LH surge (ICC *tatu*-Uf ; Symbiotic*. Sen Diego. CA) and progesterone assays (OvucheeK CVS 
Ltd, Cambs) to confirm the validity of the LH surge. 

Oocyte collections were performed 4-7 days after detection of the LH surge to obtain ovulated 
oocytes «Jse recipient ova for nuclear ttansfer. Bitches were placed under general anaesthesia 
and the reproductive tract of each bitch was exposed by a mid-ventral laparotomy using aseptic 
surgical procedures. The fimbriated end of the oviduct was manipulated by digits! massage untfl 
extruded (everted) through the bursal sHt. If necessary the slit was expanded foe sclssorti. The 
opening In the fimbriated end of the oviduct was located visually and was cannula ted using a 
flanged intramcdic catheter (outside diameter 1*27-1.57 nun; Becton Dickinson and Company, 
Sparks, MD), The catheter wej held in place by a surgical ligkturz. which was tied u$mg * quick* 
release square knot just below the flange, The catheter was retracted until stopped by the figarure. 
The base of the ovjduct, just above die uterotubal junction, wis visualized using digital pressure to 
blanch the surrounding tissue and the oviductal lumen, and cannula ted using a fine (23-27 gauge) 
hypodermic needle attached to a syringe filled with embryo collection medium (TL Hepea Solution; 
BioVVhittaker, WAlkersvUle. MD). Approximately 4 ml of coHecHc* medium was injected through 
the lumen of the ovUluct through the catheter and directed into a sterile plastic Petri dish. The 
catheter was removed from the oviduct, the ends were rinsed into the collection dish find the 
catheter lumen was flushed using* *e hypodermic needle After flushing both oviducts, the 
Abdominal incision was closed usmg a two-lsyer closure fallowed by surreal adhesive on the skin 
incision. 

After flushing the oviducts, unfertilized oocytes were recovered from the Petri dish with the aid 
of a stereomiaoaicope and used far nuclear transfer as described below. Alternatively, metephese 
bovioe oocytes were purchased (Berried, Madison, W5) and uied as recipient ova for interspecies 
audejr transplantation. 



j Acquisition tf nucleus donor cdbfer nudtar transplantation 

Cell nuclei were derived from adult sidn ceiLe of a spayed mixed breed female bitch aged 
approximately 11 years. A smell piece of sfcm, approsdmately I cm x 3 cm, was obtained by surgical 
biopsy using aseptic procedures. Sections of the subcutaneous tissue ware removed And standard 

, • tis5U< cultur* procedure were used to obtain fibroblasts (Hill ol, 2000). ExpUrts were maintained 

until they approached 90% conflueiicy. and were then trypsinued and reconstituted at a 

. ; concentration of 1 X 10* cells ml- 1 , 



r 
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Potential for cloning fop 239 
production ofcJontti embryos by nuclear trauspbntathn 

i Oocytes were denuded (cumuJuj cells removed) by agitating ihem up Knd down in a mouth 
pipette in 0-5% (w/v) hyiluronidosc solution tSigma, St Louis. MO) far 5 min and washing three 
times in 20 mmol Hepcs buffered TCMJ99 I'' (GJbeoBRL. Grand Island. NY) supplemented with 
10% fetal col/ scrum (FCS; HyClune, Logan, UT) (operating medium). The denuded oocyte* were 
preireiited for enucleation by a 1 5-20 min incuha don in operating medium containing 5 ug Hoechst 
33342 ml- 4 (Sigma) and 76 pg cytochAlaAin 8 (Sigma). The oocytes were transferred into drop of 
operating medium contained within a prfri dish and covered with mineral oil (Sigma). Enucleation 
. w^s performed by removing the fust polar body end a small pan or trie Qocy* cytoplasm con mining 
the metaphase II chromosome* u=in^ * fine sharpened pipette (17-19 urn in diameter) mounted 
on Narshigc imcromaitipubtors CNiriahige. Tokyo). After erwcleafaoiv eh* oocytes were quickly 
exposed to UV light and o"o*erved using fluorescence microscopy io confirm that the Hocchst- 
■; stained tiustaphase chromosome* Kad been removed. 

Dissociated nucJeu* donor cells, derived as ocscrifaed above, wen placed into the oiicrodrop 
containing the enucleated oocytes. Micromanipulation was used to insert a single donor cell inside 
. the peri vitelline space of each enucleated oocyte, men that the plasma membrane was in dose 
' contact with (he donor cell membrane. The oocyte- fibroblast coupkts were washed twice in fusion 
medium (Liu et al., 1997) and cioved into * fusion chamber. The oocyte-fibroblast coupler were 
aligned manually and fused using a BTX FlectroceU Manipulator 200 as described by Uu et *J. (1997) 
: (BTXmc, Sin Diego, CA). 

Dug ova were activated after eletfrofuMcm by pUcing th* fused couplets into fusion floeduim in 
( in electrofusion chambtr and application of «m electrical pulse as described by Kato et rt. (1996), This 
procedure wa* full owed by 5 h incubation in 10 pg cydoHeximide rnH (Sigma) and 5 jig cyrochalasm 
B ml- 1 (Sigxna) in operating medium maintained at 39^C When bovine recipient ova were used, 
oocyte activation was induced by 9 4 min incufcurion m 5 umal ionomycin t-» (Sigma) followed by a 
5 h incub»Uon in 10 Kg cydoheximidt ml-* (Sigma) and 5 ug cytochalasin B wt x (Sigma). After 
activAriorv fusion was assessed usin 5 a light triicroscope* The fused couplets were washed three 
Umes to resnova the cydohextmid* completely and placed into a B2-Vero ceU monolayer (aTCC, 
Manassas, VX) coculiure system for 2-0 days In 5% CO, ai 39*C under oiL The resultant doned 
embryos were removed periodically from the incubator to monitor development Embryos 
d evelopif ^ AOrm aily as judged by cleavage div isnm, were either fixed and itemed foz cell counts, or 
were transferred into the reproductive tract of surrogate bitches far in oiw deveJoprnent to tens 
OCraamer d W», ^62). 



Results 

The results of experiments Invoking the transfer of canine eel) nuclei into canine oocyte ait shown 
(Table 1). Since October 1999, oocyte collections performed cm 17 bitches resulted in 109 ova, of 
which 63 w«re judged to be of good enough qvaliry for use as redpumti for nuclear transfer. Of 
these, 61 ova were enucleated successfully and 43 (70%) were fused with canine fibroblast*. Ten of 
the ova that were fused with canine fibroblasts rfeav*d to the two- to sivcoll stage ate 1 or 2 days 
of culture m vitrv ))■ Five of the embryos were transferred into the oviducts of three different 
recipient but no pregnancies resulted. The other five embryos ceased to develop in culture 

and were fixed and stained to confirm that rite blastomercs contained nuclei 

The results of experiments involving the transfer of canine fibroblast nuclei into enucleated 
bovine oocytes are shown (Table 2). A total of 745 oocytes were enucleated and combined with 
c*a™ cells. Of these, 291 (39%) were fused successfully. A portion (n* 200) was placed into In vitro 
culture, °' wh *h 33% {» - 73) cleaved to the two- to fouroU stage and 43% (n «* 85) cleaved to the 
ciffht- to 16<eU ampi (Fig. Forty-seven embryos at the four- to eirht-cell stags wtre transferred 
into four durerent recipient bitches. A single conceptus was detected by ultrasonoKraphy at day 19 
after eimbyro transfer; however, the pregnancy- subsequently failed (Ha-. 3). 
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Tabic L Nuclear transplantation (cloning) in dogs using canine recipient oocytes 
and canine nucleus donon. 
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Nfarnbcr 


collected 
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ajnd fus«d 
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Crfdogfl 


(mean p*r dog) 


(main per dog) 


(%) 


(%) 


(*) 


(%) 




17 


109 (6.4) 


63(37) 


« C97) 


61(100) 


43(70) 


10(23) 




Fig-1. Oonaddc^emctfywdciivrdbTto 

into cnuckahsd canme oocytes, (a) Embryo ti the twc~c*U »(*ga of 
deveiopmcnt. (b) Zmbyo « the fouiKdl itage of devetopo^nt 



I ' Discussion 

ji ' Incur laboratory we areexploring the potential /or cloning demand havemade significant program 

H ; r^wanij reaching this goal. The basic techniques for nuclear transplantation do not seem to be 4 

^ limiting factor. Metaphase XL oocytes mitured m of bo can be obtained tern dogs using surgical 

l! • collection techniques. These oocytes can be enucleated and fused with somatic cells obtained from 

I, 

; l: 

f i 
, (" 
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Potential for cfoninj 4o%f 

Table 2- Nuclear transplantation (cloning) in dogs using bovine recipient oocytes 
and canine nucleus donors 
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Number 

Of oocyte* N'urtbsr ol 

Number of enucleated/ oocytes fused 
txpcrirncntt combined* with cell* 



Number fat Number *at 
cleaved to clemd 

Numbwof Kumber two- to four- to right- to 

oocyte chat cleaved all Stage 16-cefl sttgt 
cultured (%) (%) 00 



15 



745 



91(39) 



200 



lfiO (81) 



85(43) 



'Number oi oocyte* fiMidfr Hd Jnd comtaJwd with canint ceb. 




Re> J- Cloned dog embryo n ihc eight- to 16-call stage eV devdopdienc thai vu 
derrwd by Mfarsfc^ng « canine ceil iwdfjn into ao enudttEcd bovine oocyta 

adult animals, Tha percentage of oocyte that are succesjfully fused with donor cell* 15 similar to 
that reported for other specie* Of those oocytes that fu*e successfully with donor cells, 2<W0% 
undergo at lea*t one de**ege division after arbfidal oocyte activation and culture in uhro, Dor 
embryos, produced by nuclear transfer, cin be rron*rtrred awgically into surrogate bitches for 
development rn c/uo. 1© date, no pregnancies have resulted from cloned embryo* produced by 
transferring canine nuclei Info canine oocyte*. However the number of doned embryos that have 
been rranakrrcd into surrogste mothers has been extremely limjtecL Interspecies embryo transfer 
may beworth pursuing, as indicated by the embryo development obtained using this approach in 
the present study. However, this tool will probably be more useful in studies to understand basic 
Interactions between oocyte cytoplasm and the transferred nucleus, than for produdng Offspring, 

On the basis of the available information, the most immediate challenge hampering efforts 
targeted at cloning dogs is obtaining su/Udent numbers of high quality meraphase rf oocytes to 
serve as recipients for aefclt cell nuclei. Oocytes matured in vivo can be collected surgically hum 
bitches and used aa recipients for nuclear transfer. How*v«t the ' number of oocytes that can be 
obtained uiing dus approach is very limited, typically a mean of approximately four good oocytes 
per collection. Conaidermg the fact that hundreds of nuclear transfer procedures have been required 
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Fig. 3. Ulfcruono^raphy of a corvc«ptU3 obtained after transfer of a cjontd dog embryo {dcriutd 
by rnurskniug * cannu: cell nucleus into an tnudeatcd bovine oocyte) Into a recipient female 
dog. Th4 toJlew appearing structure In *he centre of (he «C3n if the concrptui. 



in other studies to obtain 4 single lw« offspring from other rperies (WUmut cf al.. 1997; Hill el ol, 

2000), development 0/ methods to obtaining large numbers of imfertitixed dog oocyte* fa oi critical 

importance. Successful technique for inducing supcrovulntfon in bitches by hormonal treatment! 

would be beneficial. However, thes* techniques have not yet been developed, and ewn if they were, 

oocyte numbers would still be limited. Moreover, surgery would still be required to collect the 
< '( oocytes, and cost* for life animal?, lime and other resources would continue to hamper progress, 

j 1 The most attractive alternative for obtaining large numbers of dog oocytes is 61 tri**e maturation. 

' ' ; Unfortunately, efforts to develop repeat* Me methods for obtaining in oitrv maturation of oocyte* 

collected from anoeatrous dogs have so far met with very limited success (NJckson ef aL, 1993; 

Yamada it al„ 19°3; BeJamba, et al , 1999; Hewitt et d„ l$38; Hewitt and England, 1WU 
"! ». Whilst the development of methods for obtaining large numbers of mature dog oocytes j? 

currently a major obstacle interfering with efforts to done dogs, several other factors also represent 
i significant challenges. Synchroni ta tin* of oestrus, to control the oestrous cycle or cause anoestrous 

bitches to undergo ocstrtms cycles, also represent* a major challenge Without this tooL large 
{ • colonies of dogs an- required to assise that females are available to serve as recipients for embryo 

transfer. Given the Jong period* of an oestrus in dogs, eifieeb've programmes for inducing bitches to 
S' ovulate are crucial 

V; ( Very few live puppies have been produced after transfer 0/ normal canine embryo* into 

\ ' surrogate females (Kracmer rt aL, 1979, 1982X Therefore, some qvestior remains as to the efficiency 

of this process. In addition, previous work in this a rea involved bant ferring embryos into the uterus 
of females whose oestrous cycle was naturally synchronous with the embryo donoL No data are 
'•: available about transfer uf dag embryos into the oviducts of synchronized females. If ovjduetal 

transfers prove difficult or inefficient methods for aUtuting dog embryos from the one-cell ?tzge to 
a stace at which they can be transferred into the uterus will be required. Although a portion oi the 
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one-cell dog embryos produced by nuclei transfer undergo early cleavage, so lar none have 
• developed to the blastocyst stage in aJto. To d*te, there have been no reports of culmring normal 
dog embryo* from the one-celt sta^e to compact morujae or blastocysts. 
[ Besides the significant technical challenges of developing successful method* for darting dogi, 
there are also considerable ethical consideration* that must be addressed. Dogs and other 

, companion animals are unique species in terms of their place in society. Many do not place them in 
the * ame category as livestock when considering the application of dotting. Therefore, some people 
who would consider cloning of livestock as completely ethical do not have the same opinion 

■ concerning pe*S- Companion animals, especially dogs and cat!, also represent a spedal situation In 
h*rms of animal rights am* welfare (Varner. 1999), and their use fox scientific research. In this context 
considerable effort has been made in this scientific programme to provide a living environment for 

, the dogs which resembles as closely a« possible the environment they would have in a private home 
In addition, T>-« MUsyplitfry Project has established strict regulations regarding the treatment of 
animals. Details can be obtained by reading the Code of Eoethics' posted on the Missyptidty 

' website (wwiKmiisyplklty.com). 

It. conclusion, ihe interest and demand far donlng companion animals will undoubtedly foster 
the development of successful cloning procedures in dogs. To date, we have received literally 
hundreds of caJJs bra individual* wanting to done their pets. Moreover, there are at Jeast loop 
commercial businesses currently offering services diat involve cryopreserring calls obtained Cram 
pets that might some day be used for clewing, It is difficult to predict when efficient and repeAtable 
vnothods for cloning dogs and other companion ordinals will become available; however, it will 
dearly "-quit a si^ificam commitment to more basic research 

T%o »ioAxtsftR£fic«irhCorpnr4timfrA531 M.dvak Way, Mm Vella^ CA*S41. U5a supported mil study 
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